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(57) Abstract 



A method and device for inducing or promoting growth 
and proliferation of skin cells or tissue or for controlling 
bacterial skin infection is described. The skin cells are 
irradiated with a low-intensity broad sprectrum light at a 
wavelength of between about 340 to 3,000 nm. The increase in 
rate of cultivated cells in useful for example to obtain skin-like 
tissue needed for skin grafts or for promoting healing of skin 
wounds or lesions. Light-induced skin bacteria control is 
useful for example in the treatment of bacterial infections of 
the skin. 
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DEVICE FOR LIGHT IRRADIATION ONTO TISSUE 



FIELD OF THE INVENTION 

The present invention concerns a method and device for affecting 
growth and proliferation of cells or tissue by light irradiation. The device 
and method of the invention are useful in increasing the rate of growth and 
5 proliferation of skin epithelial cells. Another use of the inventive device and 
method is the controlling bacterial infections of the skin, e.g. in the case of 
acne vulganison. The device and method of the invention may thus be 
employed in the treatment of skin, oral or vaginas wounds or lesions, as well 
as irradiating keratinocytes in culture to increase the yield of the culture. 

10 In the following, irradiation of light intended to increase rate of 

growth and proliferation of cells will be referred to herein at times as 
''light -induced growth acceleration "; treatment for the purpose of control of 
bacterial infections will be referred to herein at times as "light -induced 
bacteria control"* treatment of skin or oral wounds or lesions by light 

15 irradiation for the purpose of accelerating healing, will be referred to herein 
at times as "light therapy". 
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10 Uitto, J.: Biostimulation of wound healing in vivo by Helium-neon 

laser, Ann. Plast. Surg., 18:47-50 (1987). 
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The above prior art documents will be referred to in the text by 
indicating their numbers from the above list within brackets. It should be 
noted that the acknowledgement of these references herein does not amount 
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to an indication that these are by any way relevant to the issue of patent- 
ability of the appended claims. 

BACKGROUND OF THE INVENTION 

5 Light therapy using low energy visible or near infrared light 

sources has been known to have a beneficial biological effect on a variety 
of tissues. Thus, during the last decade, low energy lasers (LEL) were 
introduced in treatment of wounds or lesions in a variety of tissue. LEL 
(mainly He-Ne lasers) has been proven effective in patients in promoting 

10 epithelization in full thickness skin defects, as well as for gynecological 
problems and lesions in oral epithelia (U,:M) . 

In treatment of acute massive burn wounds, particularly such that 
cover large portions of the body area, it is necessary to bring to.regrowth of 
skin over the burnt area, the standard medical practice of grafting of 

15 autologous tissue is very often complicated by the relative shortage of 
autologous donor sites. A primary advance towards this problem has been 
the development of an in vitro cultivation technique for human epidermal 
keratinocytes. The main disadvantage of such cultivation methods is that it 
requires a period of three to six weeks to obtain sufficiently large quantities 

20 of cultured tissue ready for grafting. 

Studies with skin derived cultured cells (normal human fibroblasts 
and keratinocytes) showed that irradiation of visible, near infrared or near 
ultraviolet (UVA) light at low energy densities, was effective in promoting 
proliferation of the cells; against this, irradiation at higher energy densities 

25 inhibited cell growth' 5 - 6 - 75 . Light in the UVA and in the visible light range 
was found to destroy bacteria such as Propionibacterium acnes (S,9) . Radiation 
sources used hitherto included a variety of monochromatic and non- 
monochromatic light sources, irradiated at a wavelength of 360 nm (UVA), 
540 nm and 600-900 nm, as well as HeNe 632 nm lasers and 780 nm diode 

30 lasers. It should be noted that similar light sources are used for selective 
destruction of tumors by photoactivation of sensitizing drugs, in a technique 
known as photodynamic therapy (PDT). 
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A common problem associated with all prior art used light 
sources is that they are relatively complicated and expensive, and not readily 
available to physicians. 

5 SUMMARY OF THE INVENTION 

It is the object of the invention to provide a method and device 
for light induced growth modulation of skin or epithelial cells. 

It is an object in accordance with one embodiment of the 
invention to provide such a method and device for light-induced growth 
10 acceleration of skin or epithelial cells, such as fibroblasts and keratinocytes, 
in culture. 

It is an object in accordance with another embodiment of the 
invention to provide a method and device for light-induced bacteria control 
on the skin as an epithelium, e.g. and or vaginal epithelium. 
15 It is an object in accordance with a further embodiment of the 

invention to provide a method and device useful in light therapy of wounds 
or lesions. 

The present invention provides, by a first of its aspects, a method 
of inducing or promoting growth and proliferation of skin cells or tissue or 
20 for controlling bacterial skin infection, comprising irradiating the skin cells 
with a low-intensity broad spectrum light at a wavelength between about 

340 to 3,000 nm. 

The present invention provides, by another of its aspects, a device 
for use in promoting or inducing growth and proliferation of skin cells or 

25 for controlling bacterial skin infection, the device comprising a light source 
which comprises a lamp emitting a broad spectrum light at a wavelength 
between about 360 to 3,000 nm. The device may further comprise a 
focusing assembly as well as a light filtration assembly. 

For some uses, e.g. irradiation onto wounds or lesions within the 

30 mouth or vaginas, the device may be equipped with a fiber optic so as to 
deliver the light to the desired site. 
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In accordance with one embodiment, the method and device are 
used for light-induced growth acceleration cells, e.g. skin cells, in culture, 
i.e., to induce or promote growth and proliferation of these cells. The 
device and method in accordance with this embodiment are particularly 
useful in increasing the rate of cultivation of such cells in order to rapidly 
obtain skin-like tissue for grafting onto burn wounds. The device in 
accordance with this embodiment may comprise a lens adapted to diffuse the 
light onto the entire surface of the culture, or means to move the light skin, 

periodically across the culture. 

In accordance with another embodiment, the method and device 
are used for light-induced skin bacteria control. Skin bacteria control 
includes destruction of bacterial cells, as well as arresting growth and 
proliferation of the bacteria. It was found in accordance with the invention 
that the destruction of bacteria by light irradiation is improved in an oxygen 
rich environment; accordingly by a preferred embodiment of the invention 
the bacteria skin control is a combined irradiation and oxygen flows into the 
skin. By another preferred embodiment the oxygen is supplied as a 

peroxide, e.g. H 2 0 2 . 

In accordance with another embodiment of the invention, the 
method and device are utilized for light therapy of skin as epithelium for 
inducing or promoting healing of skin wounds or lesions. 

DETAILED DESCRIPTION OF THE INVENTION 

Unlike the prior art, the present invention utilizes a light source, 
which is not coherent and not polarized and is capable of irradiating 
relatively large tissue areas. In order to induce a positive, i.e. a regeneration 
stimulating effect on the skin or epithelium, the light intensity should 
preferably be below about 800 mW/cm 2 . It is clear however that for 
effective light therapy, the light intensity cannot be too low since otherwise 
there will likely be no effect. Typically, a lower limit of light intensity 
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would be about 1 mW/cm 2 . A preferred range of light intensity is 10-200 mW/cm 2 . 

The light source used in accordance with this invention emits, a 
"white" light, i.e. a light source emitting light of a broad spectrum covering 
the entire visible and optionally also the near infrared spectrum. An 

5 example of such a light source is a halogen lamp which emits light at 
wavelengths within the range of 340 to 3,000 nm. In order to avoid heating 
of the target, the IR portions of the emitted light may typically be filtered 
out so as to obtain light irradiation on the target at a wavelength within the 
range of about 340 to 1,200 nm, preferably within the range of about 340 

10 to 800 nm. 

In addition, the light may also be filtered through a UV filter for 
filtering out this harmful portion of the spectrum, thereby increasing safety. 

The device in accordance with the invention may typically also 
comprise a lens for focusing the light onto the target cells or tissue. 

15 Light may be irradiated either continuously or in pulses. 

Continuous light irradiation will typically be preferred in lower light 
intensities while pulsed irradiation will be preferred in higher light 
intensities. The decision whether to use constant irradiation of pulsed light 
irradiation depends on the exact application and on the total desired 

20 irradiation. 

It will no doubt be clear to the artisan that the effect of the light 
depends both on the light intensity as well as on the duration of irradiation. 
In other words, high intensity irradiation requires a lower duration than a 
low intensity irradiation. Clearly, when depending on the duration of a 
25 pulsed light the net light time should be factored. 

The effect of irradiation may at times be enhanced by the addition 
of photosensitizer substances to the target cells or tissue. For example, a 
culture of fibroblasts or keratinocytes may be supplemented with small 
amounts of a photosensitizer substance, such as hematoporphyrin derivatives 
30 prior to light irradiation. Such substances may also be applied topically onto 
the skin prior to the light therapy. The concentration of such substance is 
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typically substantially lower than concentrations used in photodynamic 
therapy. 

The invention will be illustrated further by the following 

examples: 

5 

BRIEF DESCRIPTION OF THE FIGURES 

Fig- 1 is a schematic representation showing the percent of dividing 
fibroblast cells following their irradiation with a light source consisting of 
a 40 mW/cm 2 halogen lamp. 
10 Fig, 2 is a schematic representation showing the optical density (OD) 

at 660 nm of propionibacterium acne cultures at various periods of time 
following their irradiation with a light source at 550 mW/cm 2 for 90 mins. 
The OD of the irradiated cultures was compared to a similar culture which 

» 

was not subjected to irradiation. 

15 

Example 1 

3T3 NIH fibroblast cells were seeded in 25 or 96 multi-well 
plates. The concentration of cells was about 2.5xl0 3 - 10 4 cells/well, 
respectively. 48 hours later cells were washed and exposed to light from a 

20 light source consisting of a 40 mW/cm 2 halogen lamp for various periods of 
time (in triplicate) while in the phosphate buffered saline (PBS). Following 
irradiation, the cultures were replenished with fresh growth media and were 
further incubated for 24-72 hours. At the end of the incubation, the cultures 
were washed with PBS and trypsinized. 

25 Fig. 1 shows the percent of proliferating cells that were divid- 

ed 24 hours after irradiation. As can be seen, the number of dividing cells 
peaked in the culture which had been previously irradiated with the light 

source for 1 min. 

This experiment demonstrates that irradiation of keratinocytes 
30 with light emitted from a halogen lamp accelerates growth and proliferation 
of these cells. This may be useful in growing tissue for skin grafts, wherein 
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appropriate irradiation of the cells may result in a decrease in the time 
required to obtain a specific amount of such in vitro growth tissue. 

Example 2 

5 1 7 young individuals who had adolescent wounds were treated by 

irradiation of their facial skin, using a device in accordance with the 
invention. The treatment of each individual consisted of three irradiations 
per week, each one with a light intensity of 40 mW/cm 2 for two minutes on 
the infected area. 

10 The tested individuals reported dramatic improvement in their 

facial conditions and examination of the individuals showed that after this 
treatment, their faces had no wounds and no scars. 

This clearly demonstrates the beneficial effect of irradiation with 
a halogen lamp on the treatment of skin wounds or lesions. 

15 

Example 3 

Individuals with adolescent wounds were treated by irradiating 
their facial skin similarly as in Example 2. A 2-3% H 2 0 2 solution was 
applied onto the skin shortly before the irradiation. 
20 A marked improvement in the individual's condition was 

observed. 
Example 4 

50 individuals who had Herpes on their lip were treated twice or 
25 three times a day with the light source as described above. Each treatment 
was at 120 mW/cm 2 for 2 mins. Two to three days after beginning of the 
treatment, a significant improvement (decrease in severity of infection) was 
observed. 

30 Example 5 

Cultures of propionibacterium acnes were irradiated with the light 
source described above at 550 mW/cm 2 for 90 mins. As seen in Fig. 2, 
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irradiation of the cells resulted in inhibition of their growth as compared to 
no-irradiated control cells. 
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CLAIMS: 



L A method of inducing or promoting growth and proliferation of 

cells or tissue, comprising irradiating the cells with a low-intensity broad 
5 spectrum light at a wavelength between about 340 to 3,000 nm. 

2. A method for controlling bacterial infections of skin or epithelium 
comprising irradiating the skin or epithelium with a low-intensity broad 
spectrum light at a wavelength between about 340 to 3,000 nm. 

3. A method according to Claim 1 or 2, wherein the wavelength of 

10 the light is between about 340 to 1,200 nm. 

4. A method according to Claim 1, 2, or 3, wherein the light 
irradiation is at a light intensity of below about 800 mW/cm 2 . 

5. A method according to Claim 4, wherein the light intensity is at 

a range of about 10 to 200 mW/cm 2 . 
15 6- A method according to Claim 1, comprising irradiating cultured 

skin cells. 

7, A method according to Claim 1 or 2, for treatment of skin in 

order to induce or promote healing of skin wounds and lesions comprising 
irradiating the skin with said light. 
20 8. A method according to any one of Claims 1-7, wherein the effect 

of light is enhanced by photosensitizer substances. 

9. A method according to Claim 7, comprising applying oxygen or 
a peroxide solution onto the skin. 

10. A device for use in promoting or inducing growth and prolifera- 
25 tion of skin cells or for controlling bacterial infections of the skin, the 

device comprising a light source which comprises a lamp emitting a broad 
spectrum light at a wavelength between about 340 to 3,000 nm. 

11. A device according to Claim 10, comprising a focusing assembly. 

12. A device according to Claim 10 or 11, comprising a light 

30 filtration assembly. 

13. A device according to Claim 10, comprising a fiber optic. 
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14. A device according to Claim 8, for use in the method according 

to any one of Claims 1-7. 
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